Electrophoretic analysis of blood of Tilapia leucosticta Trewavas and Tilapia zillii (Gervais)

from Lake Victoria by Iles, T.D & Howlett, G.J.
A P P E N D I X H
E L E C T R O P H O R E T I C A N A L Y S I S O F B L O O D O F T I L A P I A
L E U C O S T I C T A T R E W A V A S A N D T I L A P I A Z I L L I I ( G E R V A I S )
F R O M L A K E V I C T O R I A
B y T . D . I L E S A N D G . ] . H O W L E T T ,
F I S H E R I E S L A B O R A T O R Y , L o W E S T O F T
I N T R O D U C T I O N
Z o n e electropho~esis i s o n e o f t h e m o s t u s e f u l t o o l s n o w a v a i l a b l e f o r
t h e s e p a r a t i o n o f p r o t e i n s i n t i s s u e f l u i d s o f o r g a n i s m s ; i t a l l o w s · t h e
e x a m i n a t i o n o f t h e v a r i a b i l i t y o f s p e c i f i c p r o t e i n s a m o n g t a x a a n d t h e
c o m p a r i s o n o f p r o t e i n s o f o n e o r g a n i s m w i t h a n o t h e r . I n r e c e n t y e a r s t h e r e
h a s b e e n a m a r k e d i n c r e a s e i n t h e a p p l i c ' a t i o n o f e l e c t r o p h o r e t i c t e c h n i q u e s
t o t a x o n o m i c p r o b l e m s w h i c h h a s d e m o n s t r a t e d t h a t t h e . c o m p a r i s o n o f
p r o t e i n s c a n a d d t o m o r e t r a d i t i o n a l c r i t e r i a a s e n s i t i v e m e a n s o f c h a r -
a c t e r i z i n g t a x o n o m i c g r o u p s a t a l l l e v e l s a n d o f e l u c i d a t i n g r e l a t i o n s h i p s
b e t w e e n t h e m .
L i t t l e h a s b e e n d o n e o n A f r i c a n f r e s h w a t e r f i s h e s , a n d a m o n g s t t h e s e
n o g r o u p o f f e r s m a t e r i a l o f g r e a t e r i n t e r e s t a n d v a l u e t h a n d o t h e c i c h l i d s ,
w h i c h p r o v i d e i n t e r e s t i n g p r o b l e m s i n e v o l u t i o n a n d c o n s i d e r a b l e d i f f i c u l t y
i n i d e n t i f i c a t i o n b y t r a d i t i o n a l c r i t e r i a . T h i s c o m m u n i c a t i o n r e p r e s e n t s a
p r e l i m i n a r y a c c o u n t o f w o r k d o n e o n t w o s p e c i e s o f t h e g e n u s T i l a p i a a n d
c o n c e r n s t h e r e s u l t s o f t h e a n a l y s i s o f m a t e r i a l s e n t b y E A F F R O t o t h e
L o w e s t o f t F i s h e r i e s L a b o r a t o r y i n A u i u s t 1 9 6 6 .
B o t h t h e s p e c i e s i n v o l v e d a r e r e c e n t i n t r o d u c t i o n s i n t o L a k e V i c t o r i a .
T . z i l l i i h a s p r o v e d a s u c c e s s f u l c o l o n i z e r a n d h a s f o r m e d p o p u l a t i o n s
l a r g e e n o u g h t o m a k e a s m a l l b u t s i g n i f i c a n t c o n t r i b u t i o n t o c o m m e r c i a l
c a t c h e s ; T . l e u c o s t i c t a h a s a c h i e v e d i t s m o r e l i m i t e d s u c c e s s b y i t s
a b i l i t y t o w i t h s t a n d t h e r e l a t i v e l y a d v e r s e c o n d i t i o n s f o u n a i n t h e m a r g i n a l
l a g o o n s a n d s w a m p s o f t h e l a k e ( W e l c o m m e 1 9 6 4 a ) .
W h o l e b l o o d w a s c o l l e c t e d f r o m t h e h e a r t o r s i n u s b y V a c u t a i n e r t u b e s
c o n t a i n i n g c i t r a t e a n t i c o a g u l a n t . P a c k e d i n i c e i n s i d e a n e x p a n d e d p o l y s t y -
r e n e c o n t a i n e r t h e t u b e s w e r e f l o w n o v e r n i g h t t o L o n d o n t o a r r i v e a t t h e
L o w e s t o f t L a b o r a t o r y w i t h i n 2 4 h o u r s . T h e s a m p l e s w e r e c e n t r i f u g e d a t
. 2 , 5 0 0 r . p . m . a t O O C f o r 2 0 m i n u t e s a n d t h e s q p e r n a t a n t p l a s m a r e m o v e d .
T h e r e d c e l l s w e r e w a s h e d t w i c e i n 1 . 1 4 perc~nt s a l i n e b e f o r e b e i n g l y s e d
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m a b o u t f o u r t i m e s t h e i r v o l u m '
f u g a t i o n t h e c l e a r h a e m o l y s a t e w ,
r e a d y f o r e l e c t r o p h o r e s i s .
T h i r t e e n i n d i v i d u a l s o f e a c h
c o n s i d e r e d t o r e p r e s e n t , p o s s i b l ]
nopleur~Welcommep e r s . c o m m . )
H o r i z o n t a l s t a r c h - g e l e l e c t r o
l o b i n a n d p l a s m a p r o t e i n s , t h e
S m i t h i e s ( 1 9 5 5 ) a n d a s d e s c r i b
c e n t r a t i o n w a s 1 2 p e r c e n t ( C o n m
b u f f e r s y s t e m o f T r i s - E D T A - B o r
4 0 0 v o l t s w a s a p p l i e d f o r 4 o r 5
a d o m e s t i c r e f r i g e r a t o r .
H a e m o g l o b i n s w e r e a n a l y s e c
I o n - A g a r N o . 2 a g a r a n d a p h o s p
( 1 9 6 5 ) . S t a n d a r d 7 5 m m x 2 5 m m
5 m a p e r s l i d e w a s a p p l i e d f o r 4 C
B o t h t y p e s o f g e l w e r e f i x e (
( 5 : 1 : 5 b y v o l u m e ) . A g a r g e l s W l
g e l s w e r e s t a i n e d i n t h e g e n e
c o n c e n t r a t i o n o f 7 g / l i t r e o f f i x i r
R E S U L T S
P l a s m a p r o t e i n s
T h e s t a r c h - g e l e l e c t r o p h o r e
T i l a p i a z i l l i i a n d T . l e u c o s t i c l
d i v i d u a l v a r i a b i l i t y . P l a t e H I
t o g e t h e r w i t h t h a t f o r h u m a n p~as
T h e r e i s a n o v e r a l l s i m i l a r
b u t d e s p i t e t h i s - a n d d e s p i t e th~
p o s s i b l e t o s e e c h a r a c t e r i s t i c p
p o p u l a t i o n s o f t h e s p e c i e s r e p r e l
T h e s t a i n i n g t e c h n i q u e i s a
t h e r e s u l t i n g b a n d p a t t e r n r e p r e 1
b e l o n g i n g t o a n u m b e r o f p r o t e i n
s e p a r a t e l y i n c i c h l i d m a t e r i a l
b a n d s i n t h e e l e c t r o p h e r o g r a m
c o n v e n i e n c e o n l y .
APPENDIX H
BLOOD OF T/LAPIA
PIA Z/LLII (GERVAIS)
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~rc~nt saline before being lysed
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ready for electrophoresis. ~r---
Thirteen individuals of each species were sa led, together with one
considered to represent, possibly, a hybrid between . zillii and T. mela-
nopleura (Welcomme pers. cl)mm.).
Horizontal starch-gel ~ectrophoresis was carried out on both haemog-
lobin and plasma proteins, the method being essentially that used by
Smithies (1955) and as described by Jamieson (1965). The starch con-
centration was 12 percent (Connaught hydrolyzed starch), and a continuous
buffer system of Tris-EDTA-Boric acid at pH 9.1 was used. A charge of
400 volts was applied for 4 or 5 hours at a temperature of about 2°C inside
a domestic refrigerator.
Haemoglobins were analysed also by agar-gel electrophoresis, using
Ion-Agar No.2 agar and a phosphate buffer at pH 7.3 as described by Sick
(1965). Standard 75 mm x 25 mm slides supported the gel and a current of
5ma per slide was applied for 40 minute~, again at about 2°C.
Both types of gel were fixed in a methanol!acetic acid/water medium
(5:1:5 by volume). Agar gels were dried in a current of warm air and all
gels were stained in the general protein stain Amido-black lOb-at a
concentration of 7 g/litre of fixing 'fluid. ,_/
RESULTS
Plasma proteins
The starch-gel electrophoretic patterns of plasma proteins of both
Tilapia zillii and T. leucosticta exhibit a relatively high degree of in-
dividual variability. Plate HI illustrates' patterns for individual fish,
together with that for human ptasma as a reference.
There is an overall similarity in band pattern between the species,
but despite this-and despite the individual variation within species-it is
possible to see characteristic patterns for each species (or rather for the
populations of the species represented in the samples)..
The staining technique is a general one for "total" proteins, so that
the resulting band pattern represents a co~plex mixture of plasma proteins
belonging to a number of protein systems which have not yet been identified
separately in c ichlid material. The use of prominent or characteristic
bands in the electropherograms to delimit zones is, therefore, a matter of
convenience only.
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M i g r a t i o n o f p r o t e i n s i s t o w a r d s t h e a n o d e a n d t h e t e r m s " f a s t " a n d
" s l o w " i n d i c a t e t h e r e l a t i v e m i g r a t i o n r a t e s i n t h i s d i r e c t i o n . T h e f o u r
b a n d s m a r k e d A , S , C a n d D i n P l a t e H I f o r m t h e b a s i s o f t h e c h a r a c t e r i s -
t i c T . z i l l i i p a t t e r n , a n d o f t h e s e b a n d s A , C a n d D a r e u s u a l l y p r o m i n e n t .
B a n d S i s n o t u s u a l l y c o n s p i c u o u s b u t i t w a s n e a r l y a l w a y s p r e s e n t i n a
c h a r a c t e r i s t i c p o s i t i o n . F o r i n d i v i d u a l s o f T . l e u c o s t i c t a a b a n d w i t h t h e
s a m e m i g r a t i o n r a t e a s S w a s u s u a l l y m o r e p r o m i n e n t ; a p r o m i n e n t b a n d
c o r r e s p o n d i n g t o C i n T . z i l l i i w a s n o t f o u n d , a n d a p r o m i n e n t ( s l o w b a n d
e q u i v a l e n t t o A w a s s l i g h t l y f a s t e r . ' \
O t h e r d i f f e r e n c e s b e t w e e n t h e t w o s p e c i e s a r e f o u n d i n p r o t e i n s f a s t e r
t h a n D ' , ' w h i c h m a y w e l l r e p r e s e n t o r i n c l u d e t h e p l a s m a a l b u m e n s . T h e s e
b a n d s a r e r a t h e r d i f f u s e a n d a r e n o t w e l l s h o w n i n t h e P l a t e , b u t r e p e a t e d
c o m p a r i s o n s h a v e i n d i c a t e d t h a t t h e f a s t e s t p r o t e i n f r a c t i o n f o r T : l e u c o s -
t i c t a l i e s b e t w e e n t h e p o s i t i o n o f t w o s e p a r a t e b a n d s i n T . z i l l i i m a t e r i a l .
W i t h i n e a c h s p e c i e s i n d i v i d u a l v a r i a t i o n i n v o l v e s d i f f e r e n c e s i n t h e
r e l a t i v e i n t e n s i t i e s o f b a n d s a t s p e c i f i c m i g r a t i o n d i s t a n c e s , t h e l l p p e a r -
a n c e o f e x t r a b a n d s o r t h e a p p a r e n t a b s e n c e o f " c h a r a d e r i s t i c " b a n d s .
V a r i a t i o n o f ' t h e s e k i n d s a p p e a r s a t e a c h o f t h e c h a r a c t e r i s t i c p o s i t i o n s
f o r b o t h s p e c i e s .
H a e m o g l o b i n s
E l e c t r o p h o r e s i s i n a g a r - g e l a t p H 7 . 3 c a u s e s t h e h a e m o g l o b i n s o f
T . z~llii a n d T . l e u c o s t i c t a t o m i g r a t e t o w a r d s t h e c a t h o d e a n d t o s e p a r a t e
i n t o a n u m b e t o f c o m p o n e n t s - a s m a n y a s n i n e b e i n g i d e n t i f i e d . T h e
e x i s t e n c e o f m u l t i p l e h a e m o g l o b i n s i s q u i t e p r e v a l e n t i n b o t h v e r t e b r a t e s
a n d i n v e r t e b r a t e s , b u t t h e n u m b e r n o w r e v e a l e d f o r t h e s e t w o s p e c i e s i s
m u c h , g r e a t e r t h a n t h a t d e m o n s t r a t e d f o r T . m o s s a m b i c a b y C h a n d r e s e k h a r
( 1 9 5 9 ) ; h e f o u n d o n e m a j o r a n d o n e m i n o r c o m p o n e n t . E x a m i n a t i o n o f t h e
h a e m o g l o b i n f o r a n u m b e r o f s p e c i e s o f T i l a p i a u n d e r a g a r - g e l e l e c t r o -
p h o r e s i s , i n c l u d i n g T . m o s s a m b i c a , c o n f i r m s t h a t t h e l a r g e r n u m b e r o f
h a e m o g l o b i n s f o u n d i n T . z i l l i i a n d T . l e u c o s t i c t a i s c h a r a c t e r i s t i c f o r
T i l a p i a ( u n p u b l i s h e d d a t a ) .
I n b o t h s p e c i e s t h e r e i s i n d i v i d u a l v a r i a t i o n , i n t h a t c o m p o n e n t s o f
s p e c i f i c m i g r a t i o n r a t e s m a y v a r y g r e a t l y i n i n t e n s i t y t o g i v e r e c o g n i z a b l y
d i s t i n c t o v e r a l l p a t t e r n s . A l t h o u g h u p t o n i n e s e p a r a t e b a n d s a r e i n v o l v e d ,
w i t h a p o t e n t i a l l y l a r g e r n u m b e r o f i n t e r g r a d i n g p a t t e r n s i n b o t h s p e c i e s ,
t h e p a t t e r n s t e n d t o f a l l i n t o a s m a l l n u m b e r o f m o r e o r l e s s d i s c o n t i n u o u s
g r o u p s w h i c h p r o b a b l y r e p r e s e n t t h e p h e n o t y p i c e x p r e s s i o n o f a g e n e t i c a l l y
b a s e d p o l y m o r p h i s m .
T h e r e a r e d i f f e r e n c e s b e t w e e n t h e t w o s p e c i e s w h i c h i n v o l v e t h e
m i g r a t i o n r a t e s o f a l l o f t h l ! h a e m o g l o b i n c o m p o n e n t s . P a r a l l e l r u n s o f
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a n d p r o b a b l y a l l , o f t h e i n d i v i
e a c h o t h e r , a s i s s h o w n i n P l a t ,
T h e e l e c t r o p h o r e t i c h e h a v i o '
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c o m p a r i s o n s b e t w e e n t h e t w o s p
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a r e g r e a t e r t h a n t h o s e f o r c o r
s l o w e s t b a n d f o r T . z i l l i i r e m '
t h a t o f T . l e u c o s t i c t a h a s a s
a n o d i c b a n d o f T . z i l l i i a l w a y s
T h e s e d i f f e r e n c e s a r e f o u n d f o r I
T h e i m p o r t a n c e o f t h i s o b s e r
b e i n g c o m p a r e d b e l o n g t o d i f f e
s u b s t r a t e - s p a w n i n g s u b g e n u s T i l
s u b g e n u s S a r o t h e r o d o n . T h i s r a i
d i f f e r e n c e s i n t h e h a e m o g l o b i n l
t h e m s e l v e s , a p o s s i b i l i t y t h a t t e
l o b i n s o f o t h e r s p e c i e s o f t h e - g e
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1 9 6 6 ) . S o m e o f t h e v a r i a h i l i t y c d
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anode and the terms "fast" and
rates in this direction. The four
form the basis of the characteris-
1\, C and D are usually prominent.
t was nearly always present in a
)f T. leucosticta a band with the
nore prominent; a prominent band
found, and a prominent slow band
ecies are found in prote ins faster
lude the plasma albumens. These
shown in the Plate, but repeated
~st protein fraction for T.' leucos-
arate bands in T. zillii material.
Ition involves differences in the
'migration distances, the appear-
;ence of "charaderisti c" bands.
h of the characteristi c positions
7.3 causes the haemoglobins of
~ards the cathode and to separate
y as nine being identified. The
·ite prevalent in both vertebrates
:vealed for these two species is
r. mossambica by Chandresekhar
r component. Examination of the
Tilapia under agar-gel electro-
firms that the larger number of
leucosticta is characteristic for
ranahon, in that components of
in intensity to give recognizably
in,e separate bands are involved,
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haemoglobins of T. zillii. and T. leucosticta indicate that some at least,
and probably all, of the individual components are displaced relative to
each other, as is shown In Plate H2a.
The electrophoretic behaviour of fish haemoglobins tends to be affected
greatly by changes in the pH of the buffer system. At pH 9.1 - that of the
buffer used in starch-gel electrophoresis - nearly all of the haemoglobin
bands migrate to the anode, so that bands nearest the point of application
for agar-gel electropherograms migrate as the fastest components under
starch-gel electrophoresis with the Tris-EDTA-Boric acid buffer.
Starch-gel electrophoresis at pH 9.1 did not give as fine a resolution
of individual haemoglobins as did agar-gel, but the results do facilitate
comparisons between the two species.
In Plate H2b the haemoglobins of individuals from both species are
compared. Two patterns can be distinguished which are labelled A and B.
Type A consists of single relatively narrow intense bands; in Type B the
single bands of A are represented by broader diffuse bands which in some
cases can be resolved into more than one component.
For both species individuals can be referred to Type A or B, but Plate
H2b shows that anodic migration rates for the haemoglobins of T. zillU
are greater than those for corresponding bands of T. leucosticta. The
slowest band for T. zillii remains at the pointof applkation, whereas
that of T. leucosticta has a small cathodic migration rate. The fastest
anodic band of T. zillii always migrates further than that Qf T. leucosticta.
These differences are found for both A and Bpatterns.
The importance of this observation lies in the fact that the two species
being compared belong to different subgenera, T. zillii representing the
substrate-spawning subgenus Tilapia and T. leucosticta the mouth-brooding
subgenus Sarotherodon. This raises the possibility that the electrophoretic
differences in the haemoglobins may serve to distinguish the subgenera
themselves, a possibility that tends to be confirmed by 'studies of haemog-
lobins of other species of the genus Tilapi~(unpublisheddata).
DISCUSSION
Although the results dealt with in this communication involve only
two species and a relatively small number of individuals, they do indicate
the kind of information that might resultfrom wider studies. The populations
that were sampled exhibit a great deal of individual variation, demonstrated
more obviously by the plasma proteins, and of a type that is well suited
for the investigation of problems at the intra-specific level (Dessauer
1966). Some of the variability could be the result of developmental changes
which could be interpreted in life-history terms, but this is unlikely to be
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t h e e x p l a n a t i o n i n t h e c a s e o f T . l e u c o s t i c t a , t h e s a m p l e s o f w h i c h w e r e
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h y b r i d b e t w e e n T . z i l l i i a n d ~melanapleura. H u m a n p l a s m a i s i n c l u d e d
a s a r e f e r t : n c e .
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T R I S - E D T A - b o r i c a c i d g e l p H 9 . 1 , s t a i n e d w i t h A m i d o B l a c k
l O b . T h e p o s i t i o n s o f " c h a r a c t e r i s t i c " T . z i l l i i b a n d s A B C a n d D a r e
i n d i c a t e d . T h e f a s t e s t s y s t e m s ( p o s s i b l y a l b u m e n s ) a r e i n t h e r e g i o n
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7 0
T ZllLlI +
ins of individuals of T. zillii
an individual thought to be a
~. Human plasma is included
-
r= - - - - - - - - - - - ", Z t L LI I)--
:.=.=.=.=.- - - - - - - -J BAN 0 S
~ORIGIN
•
PLATE H 2a. Agar-gel electrophoresis of haemoglobins of T. zillii and T. leucosticta.
Phosphate gel pH 7.3 (Sick) stained with Amido B lack lOb.
Migration of all haemoglobins is cathodic.
Comparison of migration rates of haemoglobin components of T. zillii and
T. leucosticta is made in the middl e of the gel where they are not su bj ect
to distortion.
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